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Abstract 
6WRFN FRUUHODWLRQ QHWZRUN DVX EVHW RIILQDQ FLDO QHWZRUN LVE XLOW RQ WKH VWRFN SULFH FRUUHODWLRQ ,W LVX VHG IRU
REVHUYLQJDQDO\]LQJDQGSUHGLFWLQJWKHVWRFNPDUNHWG\QDPLFV([LVWLQJFRUUHODWLRQPHWKRGVLQFOXGHWKHPLQLPXP
VSDQQLQJWUHH067SODQDUPD[LPDOO\ILOWHUHGJUDSK30)*DQGZLQQHUWDNHDOO:7$7KH067DQG30)*
PHWKRGVORVHLQIRUPDWLRQGXHWRWKHFRQQHFWLRQFULWHULRQDQGWKHUHE\IDLOWRLQFOXGHFHUWDLQKLJKO\FRUUHODWHGVWRFNV
7KH:7$PHWKRGZKHQXVHGIRUDQRQOLQHDUV\VWHPVXFKDVVWRF NSULFHVIDLOV WRFDSWXUHWKHG\QDPLFEHKDYLRU
HPEHGGHG LQ WKH WLPH VHULHV RIW KH VWRFNV , Q WKLV SDSHU ZH SUHVHQW DQHZP HWKRG ZKLFK ZH FDOO SKDVH
V\QFKURQL]DWLRQ 36 IRU FRQVWUXFWLQJ DQG DQDO\]LQJ WKH VWRFN FRUUHODWLRQQHWZRUN 7KH36PHWKRG FDSWXUHV WKH
G\QDPLFEHKDYLRURIWKHWLPHVHULHVRIVWRFNVDQGPLWLJDWHVWKHLQIRUPDWLRQORVV7RWHVWWKHSURSRVHG36PHWKRGZH
XVH WKH ZHHNO\ FORVLQJ VWRFN SULFHV RIW KH 6	3L QGH[  VWRFNV IURP  7KH 36P HWKRG SURYLGHV
YDOXDEOH LQVLJKWV LQWR WKHEHKDYLRURIKLJKO\ FRUUHODWHG VWRFNVZKLFKFDQEHXVHIXO IRUPDNLQJ WUDGLQJGHFLVLRQV
7KHQHWZRUNH[KLELWVDVFDOHIUHHGHJUHHGLVWULEXWLRQIRUERWKFKDRWLFDQGQRQFKDRWLFSHULRGV

3XEOLVKHGE\(OVHYLHU%9
.H\ZRUGV6WRFN&RUUHODWLRQ1HWZRUN3KDVH6\QFKURQL]DWLRQ&RPSOH[1HWZRUN)LQDQFLDO1HWZRUN

1. Introduction 
,Q WKH ODVW GHFDGH ILQDQFLDO QHWZRUNV KDYH DWWUDFWHG PRUH DWWHQWLRQ IURP WKHUHVHDUFKFRPP XQLW\ 7KHVW RFN
FRUUHODWLRQQHWZRUNLVDVXEVHWRIILQDQFLDOQHWZRUNZKLFKFRQVWUXFWVDVWRFNQHWZRUNEDVHGRQFRUUHODWLRQEHWZHHQ
VWRFNHQWLWLHVSULFHV WUDGLQJYROXPHDQGVRRQ 7KHDSSOLFDWLRQRIILQDQFLDOQHWZRUNVLQFOXGHH[DPSOHVVXFKDV

* &RUUHVSRQGLQJ$XWKRU3URIHVVRU6QHOO(QJLQHHULQJ1RUWKHDVWHUQ8QLYHUVLW\%RVWRQ0$86$
3KRQH(PDLOVDJDU#FRHQHXHGX
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FRPSDQ\RZQHUVKLSEDVHGQHWZRUNERDUGRIGLUHFWRUVQHWZRUNWKDWVKRZHGDSRZHUODZGLVWULEXWLRQLHPDMRULW\RI
FRPSDQLHV ZHUH FRQWUROOHG E\ VPDOO QXPEHU RI SHRSOH DQG VPDOO QXPEHU RI ERDUG PHPEHUV UHSUHVHQWHG ODUJH
QXPEHURIFRPSDQLHVUHVSHFWLYHO\>@

6HYHUDOVWXGLHVKDYHSURSRVHGQHWZRUNEDVHGPRGHOVIRUVWXG\LQJWKHVWRFNFRUUHODWLRQQHWZRUN>@>@>@>@6WRFN
FRUUHODWLRQQHWZRUNKDVEHHQVXFFHVVIXOLQSUHGLFWLQJPDUNHWPRYHPHQWV$VWXG\VKRZHGWKDWWKHDYHUDJHGLVWDQFH
EHWZHHQWKHVWRFNVFDQEHD VLJQLILFDQWLQGLFDWRURIPDUNHWG\QDPLFV>@$QGUHZ/RDQG.KDQGDQL\>@DQDO\]HG
WKHKHGJHIXQGVEDVHGQHWZRUNEHIRUHWKH$XJXVWVWRFNPDUNHWWXUEXOHQFH

2. Existing methods for the construction of stock correlation network 
7KHSRSXODUDSSURDFKIRUFRQVWUXFWLQJDVWRFNFRUUHODWLRQQHWZRUNLQYROYHVWKHIROORZLQJVWHSV
1. 7KHWLPHVHULHVUHODWHGWRWKHVWRFNLVVHOHFWHGHJGDLO\SULFHVZHHNO\SULFHVDQGWUDGLQJYROXPHV
2. 7KH FURVV FRUUHODWLRQIRUHD FK SDLU RI VWRFNV LV FRPSXWHG DQG WKH FURVV FRUUHODWLRQP DWUL[ > ܥ௜௝ @LV
FRQVWUXFWHG
3. 0LQLPXPVSDQQLQJWUHH067DQGSODQDUPD[LPDOO\ILOWHUHGJUDSK30)*PHWKRGXVHVDPHWULFGLVWDQFH
݀௜௝>@WRHVWDEOLVKOLQNVEHWZHHQWKHVWRFNV7KH݀௜௝PHWULFLVGHILQHGDV
݀௜௝ ൌ ටʹሺͳ െ ܥ௜௝ሻ
7KH067DQG30)*PHWKRGVOHDGVWRORVVRILQIRUPDWLRQLHVRPHKLJKFRUUHODWHGQRGHVDUHGLVFDUGHGDQGORZ
FRUUHODWHG QRGHVDU H UHWDLQHG EHFDXVH RI WKH WRSRORJLFDO UHGXFWLRQ FULWHULD >@ 7KH :7$ FRQQHFWLRQ FULWHULRQ
RYHUFRPHVWKHGUDZEDFNRI067DQG30)*>@,Q:7$PHWKRGWKHOLQNEHWZHHQWZRVWRFNVLVHVWDEOLVKHGEDVHG
RQDWKUHVKROGߣǤ
ܥ௜௝ ൐ ߣ
7VHHWDO>@VKRZHGWKDWIRUODUJHYDOXHVRIWKUHVKROGHJRUWKHVWRFNFRUUHODWLRQQHWZRUNVH[KLELWD
VFDOHIUHHEHKDYLRU)RUVPDOOYDOXHVRIWKUHVKROGWKHQHWZRUNWHQGVWREHIXOO\FRQQHFWHGDQGGRHVQRWH[KLELWVFDOH
IUHHGLVWULEXWLRQ

7KH FURVV FRUUHODWLRQ FRPSXWDWLRQ ZKHQ XVHG IRU D QRQOLQHDU V\VWHP VXFKDVVW RFN SULFHV IDLOV WR FDSWXUH WKH
G\QDPLF EHKDYLRU HPEHGGHG LQ WKH WLPH VHULHV ,Q WKLV SDSHU ZH SUHVHQW D QHZ PHWKRG QDPHO\ SKDVH
V\QFKURQL]DWLRQ 36 PHWKRG IRU FRQVWUXFWLQJ DQG DQDO\]LQJ WKH VWRFN FRUUHODWLRQ QHWZRUN:H WUDQVIRUP VWRFN
SULFHV WRDUHF XUUHQFH SORW DQGWKH Q FRPSXWH WKHFURVV FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WZRSKDVHWUDMHFWRULHVWR
TXDQWLI\ WKH SKDVH V\QFKURQL]DWLRQ 7KH FURVV FRUUHODWLRQ FRHIILFLHQW FRPSXWHG LVW KHQ VXEMHFWHGWRDF XWRII
WKUHVKROGYDOXHߝ௖௨௧௢௙௙LQRUGHUWRHVWDEOLVKOLQNVEHWZHHQSDLUVRIVWRFNV7KH36PHWKRGFDSWXUHVWKHG\QDPLF
EHKDYLRURIWKHWLPHVHULHVDQGPLWLJDWHVWKHLQIRUPDWLRQORVV

3. Phase Synchronization (PS) method 
7ZR V\VWHPV DUHSKDVHV\QF KURQL]HGZKHQ WKHGLIIHUHQFH RIWKHL U UHVSHFWLYH SKDVH LV ERXQGHG7KH DSSURDFK WR
GHWHFW SKDVHV \QFKURQL]DWLRQ LVEDVHGRQW KH UHFXUUHQFH RI WKH WUDMHFWRULHV RI QRQOLQHDU V\VWHP LQ SKDVH VSDFH
5HFXUUHQFHSORWZDVLQWURGXFHGWRVKRZDYLVXDOUHSUHVHQWDWLRQRIUHFXUUHQFHVLQSKDVHVSDFH>@7KHPDLQVWHSLQ
WKHYLVXDOL]DWLRQLVWKHFDOFXODWLRQRIWKHܰ ൈ ܰPDWUL[
ܴ௜ǡ௝ሺߝሻ ൌ ߠ൫ߝ െ ฮݔԦ௜ െ ݔԦ௝ฮ൯ǡ݅ǡ ݆ ൌ ͳǡǥ ǡܰ 
ZKHUHܰ LVWKHQXPEHURIPHDVXUHGSRLQWVݔԦߝ LV D WKUHVKROGGLVWDQFHߠ LVWKH+HDYLVLGH VWHS IXQFWLRQ DQGԡǤ ԡ
GHQRWHV DV XLWDEOH QRUP LQW KH SKDVH VSDFH FRQVLGHUHGܲሺ߬ሻLV WKH SUREDELOLW\ WKDW WKH V\VWHP UHWXUQV WRWK H ߝ
QHLJKERUKRRG RI DIRUPHU SRLQWݔ௜RI WKHW UDMHFWRU\ DIWHU ߬WLPH LQWHUYDO 2QH FDQ GHWHFW DQG TXDQWLI\ WKH SKDVH
V\QFKURQL]DWLRQE\FRPSDULQJܲሺ߬ሻIRUWKHERWKV\VWHPVZKLFKLVGHILQHGDVIROORZV

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ܲሺ߬ሻ ൌ
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ܰ െ ߬


7KHDERYHHTXDWLRQLVDQDXWRFRUUHODWLRQIXQFWLRQZKLFKFDQGHILQHKLJKHURUGHUFRUUHODWLRQVEHWZHHQWKHSRLQWVRI
WKHWUDMHFWRU\LQWLPHLQWHUYDO>@2QHFDQGHWHFWDQGLGHQWLI\WKHSKDVHV\QFKURQL]DWLRQE\XVLQJWKHFRLQFLGHQFH
RI WKH SRVLWLRQV RI WKH PD[LPD RI ܲሺ߬ሻIRU WZR V\VWHPV 7KHUHIRUH WKH FURVV FRUUHODWLRQ FRHIILFLHQW EHWZHHQ
௟ܲሺ߬ሻDQG ௠ܲሺ߬ሻLVGHILQHGDVIROORZV>@
ZKHUH O P UHSUHVHQWV WZR VWRFNV GDLO\ SULFHV WUDGLQJ YROXPHV RU ZHHNO\ SULFHV XQGHU FRQVLGHUDWLRQ
௟ܲǡ௠ሺ߬ሻPHDQVWKDWWKHPHDQYDOXHKDVEHHQVXEWUDFWHGDQGߪ௟DQGߪ௠DUHWKHVWDQGDUGGHYLDWLRQVRI ௟ܲሺ߬ሻDQG ௠ܲሺ߬ሻ
UHVSHFWLYHO\,IERWKV\VWHPVDUHSKDVHV\QFKURQL]HGWKHSUREDELOLW\RIUHFXUUHQFHLVPD[LPDODWWKHVDPHWLPHDQG
&35ൎ ͳ7KH&35YDOXHLVVXEMHFWHGWRDFXWRIIWKUHVKROGYDOXHLQRUGHUWRHVWDEOLVKDOLQNEHWZHHQWKHWZRQRGHV

ܣ௟௠ ൌ ߠሺߝ௖௨௧௢௙௙ െ ܥܴܲ௟௠ሻ
ZKHUHܣ௟௠LVWKHDGMDFHQF\PDWUL[ߠLVWKH+HDYLVLGHVWHSIXQFWLRQDQGߝ௖௨௧௢௙௙LVWKHFXWRIIWKUHVKROG7KHOLQNVDUH
HVWDEOLVKHGEHWZHHQVWRFNODQGVWRFNPSULFHVRUWUDGLQJYROXPHVLIWKHYDOXHRIܥܴܲ௟௠LVJUHDWHUWKDQRUHTXDOWR
WKHFXWRIIWKUHVKROGYDOXH

4. Experiment 
7RWHVWWKHSURSRVHG36PHWKRGZHXVHWKHZHHNO\FORVLQJVWRFNSULFHVRIWKH6	3LQGH[VWRFNVIURP
)RUWKHUHFXUUHQFHSORWZHXVHDWKUHVKROGYDO XHߝ :HFRQVWUXFW WKHQHWZRUNZLWKDFXWRII WKUHVKROG
YDOXHߝ௖௨௧௢௙௙EHWZHHQDQG7KHVWRFNSULFHVGDWDZHUHJURXSHGLQWRILYHJURXSVIRXUJURXSVRIWZR\HDUVDQG
RQHJURXSRI  \HDUV         7KH \HDUV   DQG
ZLWQHVVHGDFKDRWLFPDUNHWFRQGLWLRQ$OORWKHUJURXSVZLWQHVVHGDQRQFKDRWLFPDUNHWFRQGLWLRQ

5. Results and Discussion 
)LJXUHVKRZVWKHQHWZRUNSDUDPHWHUVRIWKHVWRFNFRUUHODWLRQQHWZRUNFRQVWUXFWHGXVLQJWKHSKDVHV\QFKURQL]DWLRQ
PHWKRG7KHQXPEHURIO LQNV LQFDVHRI WKHFKDRWLFSHULRG LV ORZHU WKDQWKHQRQFKDRWLFSHULRG7KLVREVHUYDWLRQ
LQGLFDWHVWKDWPDQ\VWRFNVLQWKHFKDRWLFSHULRGGLGQRWPRYHLQWKHVDPHGLUHFWLRQ$SRZHUODZGHJUHHGLVWULEXWLRQ
LVREVHUYHGIRUERWKFKDRWLFDQGQRQFKDRWLFSHULRGV7KHSRZHU ODZGHJUHHGLVWULEXWLRQZDVGLVUXSWHG IRUFXWRII
WKUHVKROGYDOXHRIRQO\LQFDVHRIFKD RWLFSHULRG+HQFHWKHVWRFNFRUUHODWLRQQHWZRUNFRQVWUXFWHGXVLQJSKDVH
V\QFKURQL]DWLRQPHWKRGH[KLELWVDVFDOHIUHHQHWZRUNVWUXFWXUHIRUFXWRII WKUHVKROGYDOXHIURPWRIRUERWK
FKDRWLF DQG QRQFKDRWLFPDUNHW FRQGLWLRQV+RZHYHU WKH H[SRQHQW YDOXH RI WKH SRZHU ODZG HJUHH GLVWULEXWLRQ LV
REVHUYHGWREHORZHULQFDVHRIFKDRWLFSHULRGFRPSDUHGWRQRQFKDRWLFSHULRG7KHDYHUDJHGHJUHHLQFDVHRIWKH 
FKDRWLFSHULRGLVREVHUYHGWREHORZHUWKDQWKHQRFKDRWLFSHULRGLQGLFDWLQJWKDWPDQ\VWRFNVGLGQRWPRYHLQWKH
VDPHGLUHFWLRQGXULQJWKHF KDRWLFSHULRG7KHDYHUDJHVKRUWHVWSDWKLVREVHUYHGWREHORQJHULQFDVHRIWK HFKDRWLF
SHULRG7KHDYHUDJHFOXVWHULQJFRHIILFLHQWLVREVHUYHGWREHVPDOOHULQFDVHRIFKDRWLFSHULRGWKDQLQFDVHRIWKHQRQ
FKDRWLFSHULRG


7KHH[SRQHQWYDOXHVREWDLQHGDUHQHJDWLYH)RUWKHVDNHRIGLVFXVVLRQZHGRQRWFRQVLGHUWKHQHJDWLYHVLJQDQG
RQO\IRFXVRQWKHDEVROXWHYDOXH
ܥܴܲ௟௠ ൌ
ۃ ௟ܲሺ߬ሻ ௠ܲሺ߬ሻۄ
ߪ௟ߪ௠
 
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Figure 1: 1HWZRUNSDUDPHWHUVRIWKHVWRFNFRUUHODWLRQQHWZRUNFRQVWUXFWHGXVLQJ3KDVH6\QFKURQL]DWLRQPHWKRGIRU
\HDUV

6. Conclusion 
:HXVHGWKHSKDVHV\QFKURQL]DWLRQPHWKRGIRUFRQVWUXFWLQJDQGDQDO\]LQJWKHVWRFNFRUUHODWLRQQHWZRUN7KHVWRFN
FRUUHODWLRQQHWZRUNFRQVWUXFWHGXVLQJWKHSKDVHV\QFKURQL]DWLRQPHWKRGH[KLELWVDVFDOHIUHHGHJUHHGLVWULEXWLRQIRU
KLJKHU FXWRII WKUHVKROG YDOXHV 7KLV HVVHQWLDOO\ PHDQV WKDW WKH VWRFN PDUNHW LV LQIOXHQFHG RQO\ E\ D IHZPDMRU
VWRFNV7KHSKDVHV\QFKURQL]DWLRQPHWKRGFDSWXUHVWKHG\QDPLFEHKDYLRURIWKHWLPHVHULHVDQGUHGXFHVLQIRUPDWLRQ
ORVVDQGKHQFHFDQEHXVHGIRUDQDO\]LQJQRQOLQHDUV\VWHPVXFKDVVWRFNSULFHV

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